A uniform epitaxial CoSi 2 layer was grown on ͑100͒ Si substrate by rapid thermal annealing at 800°C in N 2 ambient without capping layers from an amorphous cobalt-carbon film. The amorphous cobalt-carbon film was deposited on Si substrate by the pyrolysis of cyclopentadienyl dicarbonyl cobalt, Co( 5 -C 5 H 5 )͑CO͒ 2 , at 350°C. The discrete epitaxial CoSi 2 layers with ͕111͖ and ͑100͒ faceted interfaces were formed on ͑100͒ Si substrate at the initial stage of reaction between Co and Si. Annealing at elevated temperatures lowered the roughness of the CoSi 2 /Si interface. The leakage current measured on the junction, fabricated with the epitaxial CoSi 2 layer and annealed at 1000°C for 30 s, was as low as that of the as-fabricated junction without silicide. The result indicates that epitaxial ͑100͒ CoSi 2 is thermally stable at temperatures even above 1000°C and has potential application to the salicide process in subhalf micron devices.
I. INTRODUCTION
The self-aligned silicide ͑SALICIDE͒ process has been used for gate, source, and drain contact metallization in microelectronics devices. Among leading silicides, cobalt disilicide ͑CoSi 2 ) is the most promising due to its low resistivity, linewidth-independent sheet resistance, and easy formation of epitaxial layers on Si substrate. Epitaxial layers of CoSi 2 grown on Si͑100͒ substrate are of special interest because of their good thermal stability, low junction leakage, and shallow junction formation using the silicide-as-dopingsource ͑SADS͒ process. 1 Due to its small lattice mismatch ͑Ϫ1.2%͒ and cubic structure, cobalt disilicide can be epitaxially grown on Si substrates provided the film thickness does not exceed the critical thickness. However, the growth of an epitaxial ͑100͒ CoSi 2 layer on ͑100͒ Si substrate has not been successfully realized by depositing pure Co and annealing, owing to the competition between different epitaxial orientations such as ͑110͒, ͑100͒, and ͑221͒ with similar matching. 2 It has been proposed that an epitaxial CoSi 2 layer can be formed by suppressing the concentration of Co to a level of CoSi 2 at the growth interface until the reaction temperature exceeds 500°C using a diffusion barrier. 3 Indeed, the formation of epitaxial CoSi 2 on ͑100͒ Si has been observed in titanium-interlayer mediated epitaxy ͑TIME͒ and oxide mediated epitaxy ͑OME͒ methods by diffusion barriers such as Ti and chemical oxide, respectively. 4, 5 However, it is difficult to control the uniform diffusion of Co and to form a thick epitaxial CoSi 2 layer by the interlayer mediated techniques. The techniques also have disadvantages in the multistep process including the deposition of an interlayer and a capping layer, and the need for an in situ first annealing step to avoid cobalt oxidation and to form a high quality epitaxial layer.
Recently, we have reported the epitaxial growth of ͑100͒ CoSi 2 layers from cobalt-carbon ͑Co-C͒ films deposited on ͑100͒ Si using a metal-organic source with a Ti capping layer. 6, 7 The method can grow an epitaxial CoSi 2 layer on ͑100͒ Si substrate without employing an interlayer between Co and Si because the supply of Co by diffusion in Co-C film is suppressed as an interlayer-mediated epitaxy. An amorphous Co-C alloy film was deposited on a Si substrate by metal-organic chemical vapor deposition ͑MOCVD͒ of cyclopentadienyl dicarbonyl cobalt, Co( 5 -C 5 H 5 )͑CO͒ 2 . The CVD method for the metal deposition using metalorganic precursors often does not produce pure metal films at low temperatures due to incomplete decomposition of the metal-carbon bond. The carbon incorporation in deposited films increases as the metal-carbon bond order in the compound increases. 8 The MOCVD of Co( 5 -C 5 H 5 )͑CO͒ 2 causes Co-C films because the cobalt-carbon bond strength in the cyclopentadienyl dicarbonyl compound is stronger than that in other cobalt organometallic compounds. [9] [10] [11] [12] The growth behavior of epitaxial CoSi 2 layers on Si͑100͒ substrate was investigated in this work. Co-C films were deposited on Si͑100͒ substrate for the formation of epitaxial CoSi 2 , and neither an intermediate layer nor a capping layer was employed to simplify the SALICIDE process. In addition, the electrical characteristics of the p ϩ n junction diode and the thermal stabilities of CoSi 2 film and diodes were investigated for their practical application to deep submicron devices.
II. EXPERIMENTAL PROCEDURE
The p-type ͑100͒ oriented Si substrates with a resistivity of 5-8 ⍀ cm were cleaned in a H 2 SO 4 /H 2 O 2 solution, rinsed in deionized water, dipped in HF͑1%͒, rinsed again in deionized water, and then loaded into an MOCVD reactor. Co-C films with 20, 40, and 100 nm thicknesses were deposited from Co( 5 -C 5 H 5 )͑CO͒ 2 at 480 mTorr with 50 sccm H 2 carrier gas. The temperatures of the bubbler and substrate were 35 and 350°C, respectively. No capping layer was deposited on the Co film. Thin capping layers of TiN or Ti generally have been used to avoid the oxidation of Co during annealing and to improve the uniformity of CoSi 2 layers. 13, 14 The capping-layer deposition process was omitted to simplify the SALICIDE process, on the expectation that Co is less oxidized in cobalt-carbon film during annealing than pure cobalt film. Subsequent ex situ rapid thermal annealing ͑RTA͒ was carried out in N 2 ambient at temperatures between 500 and 800°C for 1 -5 min. The crystal structure and microstructure of the films were observed using x-ray diffraction ͑XRD͒ and transmission electron microscopy ͑TEM͒, respectively. The composition and the chemical state of the films were analyzed by Auger electron spectroscopy ͑AES͒ and x-ray photoelectron spectroscopy ͑XPS͒.
To investigate the electrical characteristics, p ϩ n junction device structures were fabricated. The active area of the square type diode was defined by patterning SiO 2 . The process flow of the p ϩ n junction was as follows: well ion implantation, oxide deposition ͑400 nm͒, patterning, BF 2 ϩ implantation ͑30 KeV, 3ϫ10 15 
/cm
2 ), patterning, P implantation ͑30 KeV, 5ϫ10 15 /cm 2 and 60 KeV, 5ϫ10 15 /cm 2 ), and drive-in (1000°C, 10 s by RTA͒. After cleaning the asfabricated p ϩ n diode substrates using diluted HF dipping, a 20-nm-thick Co-C layer was deposited on the junctions in an MOCVD reactor. The CoSi 2 layer was formed on Si by RTA at 800°C for 5 min. Unreacted Co-C was removed in a H 2 SO 4 /HNO 3 solution, dilute HF solution, and subsequent ultrasonic cleaning with an acetone. The thermal stability of the CoSi 2 layers was investigated using the blanket CoSi 2 films and silicide junctions, fabricated at 800°C. An additional RTA was carried out at temperatures ranging from 850 to 1050°C for 30 s in N 2 ambient. The sheet resistance of the films was monitored by a four-point probe method.
III. RESULTS AND DISCUSSIONS
A. Epitaxial growth of "100… CoSi 2 layers on "100… Si substrate from Co-C film without a capping layer
The amorphous Co-C films with thicknesses of 20 and 100 nm were deposited on ͑100͒ Si substrates at 350°C and annealed by RTA at temperatures ranging from 600 to 800°C for 5 min in N 2 . Figure 1 shows the XRD patterns of the samples with ͑a͒ 20 and ͑b͒ 100-nm-thick Co-C films. Only Si ͑200͒ peak is detected in the as-deposited films. In Fig. 1͑a͒ , the diffracted peak of CoSi 2 ͑200͒ appears at 600°C without other peaks of CoSi 2 such as ͑111͒ and ͑220͒, and the peak intensity of CoSi 2 ͑200͒ increases above 700°C. In Fig. 1͑b͒ , the diffracted peaks of CoSi͑200͒, CoSi͑210͒, CoSi͑211͒, and Co 2 Si͑210͒ appear at 700°C in addition to the CoSi 2 ͑200͒ peak, indicating that Co-rich phases are formed. The peak intensity of CoSi 2 ͑200͒ further increases while those of Co-rich phases decrease at 800°C. Note that no other peaks of CoSi 2 such as ͑111͒ and ͑220͒ appear above 700°C and only the CoSi 2 ͑200͒ peak appears. In addition, the formation temperature of Co-rich phases is higher than the reported temperatures ͑500-600°C͒. 1 CoSi 2 phase forms when the Co-C film is thin and multiphase forms when the Co-C film is thick.
The AES depth profiles of ͑a͒ the as-deposited film and the sample annealed by RTA at ͑b͒ 600 and ͑c͒ 800°C for 5 min in N 2 with a 20-nm-thick Co-C film is shown in Fig. 2 . The as-deposited film consists of about 50 at. % cobalt and 50 at. % carbon. The Co diffuses from the Co-C film to the Si substrate with a concentration below the level of CoSi 2 at 600°C. The top layer is a carbon-rich layer consisting of C and lesser amounts of Co and Si. The ratio of Si/Co in both the carbon-rich layer and the CoSi 2 layer is about 2, satisfying the stoichiometry of CoSi 2 . The oxygen does not diffuse into the Co-C and the silicide layer during the reaction, eliminating the use of a capping layer such as TiN or Ti, which is required in the conventional Co salicide process. The carbon in the Co-C film seems to prevent the oxidation of Co during the annealing process. Figure 3 shows ͑a͒ the cross-sectional TEM micrograph and ͑b͒ high-resolution TEM ͑HRTEM͒ micrograph along the ͗011͘ zone axis of the sample annealed by RTA at 800°C for 5 min with a 20-nm-thick Co-C film. In Fig. 3͑a͒ , the dark CoSi 2 layer with a 30 nm thickness is uniformly formed on a Si substrate with small ͕111͖ facets. The dark contrasts in the Si substrate may be attributed to the damage during ion milling to prepare the TEM specimen or to the stress caused by the formation of the epitaxial CoSi 2 layer. 15 The diffracted spots in the selected-area diffracted pattern ͑SADP͒ at the CoSi 2 /Si interface ͓the inset of Fig. 3͑a͔͒ almost coincide with each other, indicating that an epitaxial ͑100͒ CoSi 2 layers was grown on ͑100͒ Si substrate. Since both Si and CoSi 2 are in ͓01 1͔ orientations, the diffracted patterns along the ͗011͘ zone axis between Si and CoSi 2 are indistinguishable. In Fig. 3͑b͒ , the complete registry of the lattice can be seen across the interface, indicating that the CoSi 2 layer is fully coherent with the Si substrate. In addition, a microfacet, marked with an arrow, is also formed on ͑100͒ Si substrate with a sharp silicide-silicon interface. Therefore, it can be said that an epitaxial ͑100͒ CoSi 2 layer is grown on ͑100͒ Si substrate from an amorphous Co-C film deposited by MOCVD, without an intermediated layer or a capping layer. Figure 4 shows the XPS spectra of ͑a͒ C 1s and ͑b͒ Co 2 p in the as-deposited Co-C film with a 20 nm thickness and its annealed sample by RTA at 800°C for 5 min. The times in Fig. 4 are the sputter times for depth analysis. The C 1s peak shifts from 285.4 to 284.4 eV after annealing at 800°C, while the Co 2p peak does not shift. The binding energy ͑284.4 eV͒ in the annealed sample almost coincides with that of graphite ͑284.5 eV͒. The binding energies of C 1s and Co 2p in the cobaltocene, (C 5 H 5 ) 2 Co, are 284.6 and 779.3 eV, respectively. 16 The carbon bonding energy ͑285.4 eV͒ in the as-deposited Co-C film seems different from the carbon bonding energy in cyclopentadienyl dicarbonyl cobalt.
The cyclopentadienyl group in Co( 5 -C 5 H 5 )͑CO͒ 2 reacts with H 2 to form a stable and volatile hydrocarbon which can be removed as a gas phase. However, Co( 5 -C 5 H 5 )͑CO͒ 2 seems to be decomposed by thermal disproportion because of insufficient H 2 in our work, leading to an unstable and nonvolatile cyclopentadienyl radical such as dihydrofulvalence. 17 Therefore, the C 1s peak of 285.4 eV in the as-deposited Co-C film might be due to the formation of this nonvolatile hydrocarbon. The peak shift from 285.4 to 284.5 eV means the formation of graphite-like carbon by dehydrogenation during annealing. The peak intensity of C 1s increases and that of Co 2p ͑778.4 eV͒ 18 decreases after annealing due to lower Co content in the Co-C film.
The role of the amorphous Co-C layer in the formation of the epitaxial CoSi 2 layer can be ascertained from the following. The Ti layer in TIME or the chemical oxide in OME, serves as a diffusion barrier with the Co diffusing through it, thereby decreasing the Co concentration to a level where CoSi 2 thermodynamically is favored. 3 The supply of Co, locked in the as-deposited amorphous Co-C film, into the Si substrate seems to be suppressed to form an epitaxial CoSi 2 layer, like the formation mechanism of the epitaxial CoSi 2 layer in the interlayer mediated epitaxy.
B. Growth behavior of epitaxial CoSi 2 layer on Si"100… substrate Figure 5 shows the sheet resistance of the Co-Si contact layer as a function of annealing temperatures for 1 min in N 2 ambient. The thicknesses of the as-deposited Co-C films on Si substrate were ͑a͒ 20, ͑b͒ 40, and ͑c͒ 100 nm. The sheet resistance of the as-deposited Co-C films at 350°C is relatively high due to carbon incorporation during deposition. The sheet resistance starts to drop at 600°C and keeps decreasing even above 800°C. The samples with 40 and 100 nm thicknesses of Co-C film show a steeper drop of sheet resistance than with a 20 nm thickness. In the case of pure cobalt film, the sheet resistance starts to drop at 500°C and remains at a constant value above 800°C in the same annealing time. 1 The silicide formation temperature from the amorphous Co-C film is about 100°C higher than that from pure Co, as observed by the previous XRD results. Figure 6 shows the plan-view bright-field TEM images and the SADPs along the ͗100͘ zone axis ͑insets͒ of the samples annealed at 800°C for 5 min in N 2 , with ͑a͒ 20 and ͑b͒ 40 nm thicknesses of Co-C film. The plan-view brightfield TEM images are clearly different from each other. The area of dark contrasts in the epitaxial CoSi 2 layer formed from the 20 nm thickness is much smaller than that from the 40-nm-thick Co-C film. The dark contrast in these plan-view bright-field TEM images is known to be associated with misoriented grains. 19, 20 Therefore, the thicker Co-C film generates more misoriented grains during the epitaxial growth of CoSi 2 . The diffracted spots of the ͕200͖ type are observed for CoSi 2 , but not for Si since they are forbidden in Si. This substantiates that the relationship between CoSi 2 and Si matrix is an epitaxial one. The ͓100͔, ͓010͔, and ͓001͔ orientations of CoSi 2 are parallel to those of Si. From the SADPs along the ͗100͘ zone axis in Fig. 6 and along the ͗011͘ zone axis in Fig. 3 , the orientation relationship at the ͑100͒ interface was found to be CoSi 2 ͓100͔ʈSi͓100͔ and CoSi 2 ͓011͔ʈSi͓011͔. However, the extra diffracted spots are observed in Fig. 6͑b͒ , indicating that more misoriented grains exist. Figure 7 shows the cross-sectional TEM micrographs of samples annealed at 800°C for 5 min in N 2 , with ͑a͒ 20, ͑b͒ 40, and ͑c͒ 100-nm-thick Co-C films. A uniform epitaxial CoSi 2 layer with a flat ͑100͒ interface ͓Fig. 7͑a͔͒ and an epitaxial CoSi 2 with large ͕111͖ faceted planes ͓Figs. 7͑b͒ and 7͑c͔͒ were grown on a Si substrate. The ͕111͖ facets further increase as the Co-C film thickness increases. The CoSi 2 layer has ͕111͖ and ͑100͒-faceted interfaces with Si͑100͒ in Fig. 7͑c͒ , indicating that the CoSi 2 is epitaxially grown on Si͑100͒ substrate in spite of the existence of Corich phases, as shown in Fig. 1͑b͒ . The amount of Co ͓dark particulates in the C-Co-Si layer of Figs. 7͑b͒ and 7͑c͔͒ in the upper layer of the dark silicide increases as the Co-C film thickness increases, due to the short annealing time. Figure 8͑a͒ shows the cross-sectional TEM micrograph of the sample annealed at 600°C for 5 min in N 2 with a 20-nm-thick Co-C film. The silicide layer with large ͕111͖ facets was grown on Si substrate at 600°C. The moire fringes, originating from the lattice mismatch or rotation and often observed in epitaxial growth, are also found in the grown CoSi 2 layer. In addition, more cobalt remains in the Co-C layer at 600°C than at 800°C as shown in Fig. 7͑a͒ . The epitaxial CoSi 2 layer originates at the Co-C/Si interface with both ͕111͖ and ͑100͒ interfaces of CoSi 2 /Si. Figures  8͑b͒ and 8͑c͒ show the cross-sectional transmission electron microscopy ͑XTEM͒ images of the samples, preannealed at 800°C for 5 min in N 2 with ͑b͒ 40-and ͑c͒ 100-nm-thick Co-C films and then further annealed by RTA at 900°C for 15 min in N 2 . The roughness of the CoSi 2 layer at the CoSi 2 /Si interface decreased considerably and the large ͕111͖ faceted planes disappeared with further annealing. The further annealing could lower the roughness of the CoSi 2 /Si interface. 21 The CoSi 2 layer with large ͕111͖ facets grows initially and then the layer becomes flat with further annealing, regardless of Co-C thickness.
The HRTEM micrograph along the ͗011͘ zone axis of the sample annealed by RTA at 800°C for 1 min with a 20-nm-thick Co-C film is shown in Fig. 9 . The discrete CoSi 2 layers with both ͕111͖ and ͑100͒ planes are grown on the Si substrate. The ratio of interfacial free energies of ␥͕100͖/␥͕111͖ was measured to be 1.43Ϯ0.07 using a reverse Wulff approach of the equilibrium shape of CoSi 2 precipitates. 22 The nucleated CoSi 2 might be grown on a Si substrate with both ͕111͖ and ͑100͒ planes at the CoSi 2 /Si interface because the interfacial energy of ͕111͖ is lower than that of ͑100͒ at the initial stage of the Co-Si reaction. 20 Figure 10 shows the HRTEM micrograph along the ͗011͘ zone axis of the sample annealed by RTA at 800°C for 5 min in N 2 with a 20-nm-thick Co-C film. The (11 1) and (111 ) boundaries are present in the 40-nm-thick epitaxial CoSi 2 layer. A (111 ) boundary was also observed in Fig.   9 . The ͕111͖ boundaries seem to be associated with planar defects. The HRTEM micrograph of the sample annealed by RTA at 800°C for 5 min in N 2 with a 40-nm-thick Co-C film is shown in Fig. 11 . The CoSi 2 with large ͕111͖ and small ͑100͒ planes is formed, compared to the CoSi 2 of Figs. 9 and 10. The moire fringes also appear due to the misoriented lattice in the CoSi 2 layer. This lattice misorientation might be attributed to the intrinsic stress caused by the epitaxial CoSi 2 growth. 15 The growth behavior of the epitaxial CoSi 2 on ͑100͒ Si substrate can be explained by the theory of the nucleation and growth in solids. Since the CoSi 2 layer epitaxially grows from the Co-C/Si interface into the Si͑100͒ matrix, the situation is analogous to the heterogeneous nucleation with the fully coherent interfaces. The shape of the interface between the CoSi 2 and Si matrix for the nucleation and growth of CoSi 2 is determined by the interfacial energy and the elastic strain energy. The total interfacial energy is ⌺␥ hkl A hkl , where ␥ is the interfacial energy per unit area of the ͑hkl͒ plane and A is the area of ͑hkl͒ plane. The total elastic strain energy for the system is V•⌬G s , where V is the volume of the film and ⌬G s is the elastic strain energy per unit volume of the film. The elastic strain energy density is k⑀ 2 h, where k is a complicated function of the elastic constants, ⑀ is the elastic strain parallel to the film plane, and h is the film thickness. 21 For the coherent nucleation and growth of CoSi 2 in Si matrix, interfacial energy can vary with interface orientation while the elastic strain energy increases with the increasing thickness of the CoSi 2 layer.
Ignoring the elastic strain energy term due to the small volume of CoSi 2 in the initial stage of reaction between Co and Si, the nucleated epitaxial CoSi 2 in Si substrate could have a shape with both ͕111͖ and ͑100͒ facets, obtaining the minimization of the total interfacial energy. Cahn et al. proved that the continuous faceting with a hill and valley structure, when anisotropy is sufficiently pronounced, further reduce the total interfacial energy. 23, 24 As long as Co diffuse into the CoSi 2 layer, CoSi 2 keep growing toward the Si sub- strate with both ͕111͖ and ͑100͒ interfaces until two neighboring CoSi 2 meet each other.
As the CoSi 2 layer gets thicker, the elastic strain energy is more important for the shape of the CoSi 2 /Si interface than the interfacial energy. The elastic strain energy of the CoSi 2 -Si system increases as the thickness of CoSi 2 and the area of CoSi 2 /Si interface increase. In addition, increasing the temperature can reduce the facets by roughening and increase the elastic strain due to the difference of the thermal expansion coefficient between CoSi 2 and Si. Therefore, the total elastic strain energy could be reduced by the formation of the flat ͑100͒ interface with Si͑100͒ substrate. Rajan et al. reported that the minimization of elastic strain energy is achieved by the epilayer and the substrate aligned in such a manner that forms a line of optimum matching in the plane of the ͑100͒ interface. 19 The interface of the epitaxial CoSi 2 becomes a flat ͑100͒ interface with small ͕111͖ facets after an additional annealing at temperatures above 800°C with sufficient reaction time to reduce the total elastic strain energy, as shown in Figs. 8͑b͒ and 8͑c͒.
C. Thermal stability and electrical properties of an epitaxial CoSi 2
To test the thermal stability of the epitaxial CoSi 2 layer, an additional RTA was performed at temperatures from 850 to 1050°C for 30 s in N 2 . The epitaxial CoSi 2 with a 30 nm thickness was formed on the Si͑100͒ substrate at 800°C for 5 min using a 20-nm-thick Co-C film in N 2 . Figure 12 shows the sheet resistance as a function of an additional annealing temperature. The sheet resistance is little changed with the annealing above 850°C, indicating that the epitaxial CoSi 2 layer has good thermal stability. Figure 13 shows the current-voltage characteristics for the shallow p ϩ n junctions fabricated from the epitaxial CoSi 2 contacts with an additional RTA. The area of the square-type p ϩ n junctions was 316ϫ316 m 2 and the junction leakage current was measured at Ϫ5 V by the direct contact probe. The leakage current of the p ϩ n junctions without CoSi 2 contact is 5.6 nA/cm 2 . For the p ϩ n junction with the CoSi 2 contact formed at 800°C for 5 min in N 2 using a 20-nm-thick Co-C film, the leakage current increases to 664.9 nA/cm 2 . It has been reported that the leakage current increased after RTA at 750°C with CoSi 2 contact due to the defects caused by the CoSi 2 formation and an additional annealing lowered the leakage current. 25 The defects might be caused by the epitaxial CoSi 2 contact formation for this junction configuration. After RTA at 900 and 1000°C for 30 s in N 2 , the junction leakages of these p ϩ n junctions are 88.9 and 47.2 nA/cm 2 , respectively. The lowering of the leakage current might be due to the deep junction formation without the degradation of the epitaxial CoSi 2 contact even at 1000°C.
The cross-sectional TEM micrograph after an additional annealing at 1050°C for 30 s in N 2 was taken to investigate the thermal stability of the epitaxial CoSi 2 layer formed at 800°C for 5 min in N 2 using a 20-nm-thick Co-C film. Figure 14 shows the CoSi 2 ͑100͒ layer with the flat interface and small ͕111͖ facets on the Si͑100͒ substrate after RTA even at 1050°C. These ͕111͖ facets, marked with an arrow in Fig. 14 , were locally formed along the boundaries in the epitaxial CoSi 2 layer. Since the elastic strain energy in the epitaxial CoSi 2 layer increases at a temperature higher than the growth temperature due to the difference of the thermal expansion coefficient between CoSi 2 and Si, the large facets in the as-grown layers disappear and defects such as bound- aries decrease in density. 22, 24 However, the ͕111͖ facet could not disappear in spite of additional annealing, satisfying the local equilibrium of elastic strain energy and interfacial energy at the interface. These results illustrate the good thermal stability of the epitaxial CoSi 2 layer grown using a Co-C film and the potential for the process development of Si integrated circuits.
IV. CONCLUSIONS
An epitaxial CoSi 2 layer was grown on Si͑100͒ substrate from an amorphous Co-C film without intermediated layers and capping layers such as Ti or TiN. The Co-C film was deposited on Si substrate by the metal-organic chemical vapor deposition of Co( 5 -C 5 H 5 )͑CO͒ 2 at 350°C. The supply of Co by diffusion in the Co-C film seemed to be suppressed enough to form an epitaxial CoSi 2 layer.
The growth behavior of epitaxial CoSi 2 layers on Si͑100͒ substrate was also investigated. Discrete CoSi 2 layers with large ͕111͖ faceted planes were grown on Si at the initial stage of reaction. As long as Co diffuses into the CoSi 2 layer, CoSi 2 keeps growing toward the Si substrate with both ͕111͖ and ͑100͒ interfaces. An epitaxial CoSi 2 has a flat ͑100͒ interface after an additional annealing at the higher temperatures with sufficient reaction time to reduce the total elastic strain energy.
After annealing at 1000°C for 30 s, the leakage current measured on the junctions fabricated with the epitaxial CoSi 2 layer was as low as that of the junctions without CoSi 2 . The result illustrates the good thermal stability of the epitaxial CoSi 2 even above 1000°C.
